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Background: The risk of falls and fractures caused by falls is higher for older adults with Alzheimer's
disease (AD) than for older adults without dementia. This main aim of this study was to investigate the
inﬂuence of AD on the incidence of hospitalization due to fall-related bone fracture in elderly Chinese
patients. A secondary aim was to investigate whether AD has an effect on fracture location.
Methods: Patients agedS65 years who were hospitalized at a tertiary hospital in north China from 2002
to 2012 were recruited. Consecutive patients with the diagnosis of AD at discharge were compared with
an age-matched control group of patients without dementia.
Results: The study included 345 AD patients and 1380 controls. The proportion of patients in the AD
group hospitalized because of fall-related bone fracture (15.7%) was signiﬁcantly higher than in the
control group (2.4%). Multivariate analysis showed that age and osteoporosis increased the risk of hos-
pitalized AD patients having a history of bone fracture. There was no signiﬁcant difference in fracture
location between the groups.
Conclusion: On the basis of our ﬁndings, we conclude that AD may increase the incidence of hospitali-
zation due to falls and bone fracture. We also found that AD has no effect on fracture location, but larger
studies are needed to conﬁrm this ﬁnding. Physicians and family members should emphasize the pos-
sibility of falls and bone fracture in patients with AD. Our ﬁndings suggest that preventing falls in AD
patients may reduce the number of hospitalized AD patients.
Copyright © 2016, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
The incidence of Alzheimer's disease (AD) increases over age
exponentially, and doubles every 5 years after 65 years1. The inci-
dence of AD in China has been estimated to be 6.25 cases per 1000
person-years and the number of estimated individuals with AD in
China has been estimated to have increased from 1.93 million in
1990 to 5.69 million in 20122. In China, the prevalence of AD is
signiﬁcantly higher in rural areas (4.25%) than in urban areas
(2.44%)3. The prevalence of AD in China for adults aged 65 years
(3.5%) is similar to that in Western countries4.
Alzheimer's disease patients have a high risk for bone frac-
ture, especially hip fracture5. In older adults with AD the annualre that they have no conﬂicts
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es/by-nc-nd/4.0/).incidence rate of falls ranges from 60% to 80%, which is double
the incidence for age-matched older adults without dementia6.
And the incidence of fall-related fractures is almost three times
higher in older adults with AD compared to older adults with
intact cognitive function6. The risk of hip fracture in individuals
with AD has been reported to be 2.1 to 3.2 times that of in-
dividuals without AD. In Taiwan, a group of individuals with AD
had an incidence rate ratio of hip fracture that was 2.38
compared to a group of individuals without AD7. A study in
Finland also found that individuals with AD have a greater risk of
hip fracture8.
The increased incidence of fractures in older adults with AD
may not only be attributable to an increase in falls but also to
an association between AD and osteoporosis, although the
relationship between AD and osteoporosis is unclear4. In a study
of community residents aged  65 years in China an association
was found between both low bone mineral density and
increased loss of bone mineral density and an increased risk of
AD4.icine. Published by Elsevier Taiwan LLC. This is an open access article under the CC
F. Li228The economic and social burden of AD is expected to in-
crease as the prevalence of AD increases2. China has 160 million
elderly people and the by 2050 it is predicted that the preva-
lence of AD will increase by four-fold2. Measures are needed
to reduce the burden of AD on Chinese society in the coming
years.
Understanding the factors that increase hospitalization of AD
patients is essential for ﬁnding measures to reduce the burden of
AD. Therefore, this study was conducted to investigate the inﬂu-
ence of AD on the incidence of hospitalization due to falls and fall-
related bone fracture in the elderly and to identify risk factors for
hospitalization of AD patients having a history of bone fracture.
Another aim was to investigate the effect of AD on fracture
location.
2. Methods
2.1. Study design
This was a retrospective case-control study conducted at the
Department of Neurology of the First Hospital of Liaoning Medical
College. It was approved by the Ethics Committee of our hospital.
Due to the retrospective nature of the study informed consent from
patients was not required.
2.2. Study population
A total of 28,486 inpatients aged 65 years were recruited from
the First Hospital of Liaoning Medical Collage. The AD group con-
sisted of consecutive in-patients who were recorded to have the
diagnosis of AD at discharge from 2002 to 2012. Their medical
history was reviewed and recorded (including primary diagnosis
and other diagnoses). Searching the records for patients with the
diagnosis of AD was based on the following: international classiﬁ-
cation of disease (ICD) F03 04 (senile dementia), ICD G30.101 (late-
onset Alzheimer's disease, >65 years), and ICD G30.901 (Alz-
heimer's disease).
The demographics and clinical ﬁndings including the primary
diagnosis and secondary diagnosis at dischargewere collected from
the database. Controls were selected from the other in-patients
without dementia who were aged-matched with the AD patients
so that there was no more than a 5-year difference in age between
the cases and controls. The controls were patients without
complaint of cognitive impairment or partial cognitive impairment
who did not meet our diagnostic criteria for AD. The case to control
ratio was 1 to 4.
2.3. Diagnostic criteria for AD
1) Patients met the diagnosis of possible AD according to the
criteria developed by the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer's Dis-
ease and Related Disorders Association9.
2) Modiﬁed Hachinski ischemia scale (MHIS)10 total score was 4,
3) For patients who underwent cranial CT or MRI, either prior to
this hospitalization or during current stay, the ﬁndings were
consistent with the diagnosis of AD.
4) Mini-Mental State Examination (MMSE) score  26.
2.4. Diagnostic criteria for osteoporosis
Osteoporosis was deﬁned according to the World Health Orga-
nization (WHO) deﬁnition as a bone mineral density of < 2.5
standard deviations below the sex-speciﬁc young adult mean.2.5. Deﬁnition of diagnosis at discharge
The diagnosis at discharge referred to the ﬁrst diagnosis and the
disease mainly causing medical expenses. The primary diagnosis at
discharge was deﬁned as the ﬁrst diagnosis at discharge, and
related disease as a major disease causing admission and
hospitalization.
2.6. Main parameters
The variables used in the present study included age, gender,
fracture location, and incidence of falls and bone fracture.
2.7. Deﬁnition of fall
The criteria for a fall according to the ICD code were the
following: ICD code of W06.901: fall from bed; ICD code of
W10.902: fall from stairs or steps; ICD code of W07.901: fall from
chair; ICD code of W01.901: fall.
2.8. Statistical analysis
Continuous variables with normal distributions were presented
asmean ± standard deviation and were compared between the two
groups by the paired t test. Hospital stay was expressed as median
(interquartile range) and tested by Wilcoxon signed rank test.
Categorical variables were expressed by count and percentage and
were compared between the two groups by the McNemar's test. To
investigate the independent factors associated with fall or bone
fracture histories in patients with AD, univariate and multivariate
logistic regression models were performed. In the univariate ana-
lyses, all signiﬁcant factors were selected for entry into the multi-
variate models. Two-sided P < 0.05 was considered statistically
signiﬁcant. Statistical analyses was performed using SAS software
version 9.2 (SAS Institute Inc., Cary, NC).
3. Results
A total of 345 AD patients (cases) and 1,380 patients without AD
(controls) were included in this study. There were 864 males
(50.1%) and 861 females (49.9%). The AD group had a signiﬁcantly
higher percentage of males and a signiﬁcantly longer hospital stay
(both P<0.001). The proportion of patients with coronary artery
disease (CAD), heart failure, hypertension, hyperlipidemia, arterial
ﬁbrillation, chronic obstructive pulmonary disease, cancer, and
chronic hepatitis were all signiﬁcantly lower in the AD group (all
P0.018). However, the proportion of patients with osteoporosis
was signiﬁcantly higher in the AD group (P<0.001) (Table 1).
The proportion of patients with a history of a fall and a history of
bone fracture were both signiﬁcantly higher in the AD group (both
P<0.001). The distribution of fall with bone fracture history was
signiﬁcantly different between the groups (P<0.001) (Table 2).
Importantly, the percentage of patients with AD whose hospitali-
zation was caused by fall-related bone fracture (15.7%) was signif-
icantly higher than that for patients without AD (2.4%). Fracture
location datawere analyzed for 69 AD patients and 44 controls. The
most common location of fracture in both groups was hip, 92.8%
and 72.7% for the AD group and control group, respectively.
Vertebra fracture occurred in 2.9% of AD patients and in 6.8% of the
controls. Upper limb fracture occurred in 2.9% of AD patients and in
11.4% of the controls. One AD patient (1.4%) and 4 controls (9.1%)
had fractures in other locations. There was no signiﬁcant difference
in fracture location between the groups (P¼0.677).
The results of logistic regression analysis for risk factors asso-
ciated with fall history in AD patients are shown in Table 3. Age,
Table 1
Comparison of demographic and clinical characteristics between patients with and
without Alzheimer disease.
Patients with
Alzheimer disease
(n¼345)
Patients without
Alzheimer disease
(n¼1380)
P-value
Age (years) 78.9 ± 6.1 78.9 ± 6.1 NA
Sex <0.001*
Male 206 (59.7%) 658 (47.7%)
Female 139 (40.3%) 722 (52.3%)
Hospital stay (days) 15.0 (9.0, 24.0) 13.0 (8.0, 21.0) <0.001*
Medical histories
CAD 83 (24.1%) 463 (33.6%) <0.001*
Heart failure 46 (13.3%) 300 (21.7%) <0.001*
Hypertension 152 (44.1%) 899 (65.1%) <.0001*
Hyperlipidemia 1 (0.3%) 77 (5.6%) <.0001*
Atrial ﬁbrillation 25 (7.2%) 167 (12.1%) <0.001*
COPD 4 (1.2%) 32 (2.3%) 0.018*
Renal disease 29 (8.4%) 105 (7.6%) 0.440*
Cancer 28 (8.1%) 195 (14.1%) <0.001*
Chronic hepatitis 2 (0.6%) 26 (1.9%) 0.002*
Osteoporosis 35 (10.1%) 81 (5.9%) <0.001*
CAD, Coronary Artery Disease; COPD, Chronic Obstructive Pulmonary Disease; NA,
not assessable due to identical ages in two groups.
Age was presented as mean ± standard deviation and tested by Student's t test;
hospital stay was expressed as median (interquartile range) and tested by Mann-
Whitney U test. Categorical variables were expressed as count (%) and tested by
chi-square test or Fisher's exact test.
* P<0.05 indicates a signiﬁcant difference between patients with and without Alz-
heimer disease.
Table 3
Logistic regression for risk factors associated with fall history in Alzheimer disease
patients.
Univariate Multivariate
OR (95%CI) P-value Adjusted OR
(95%CI)
P-value
Age 1.07 (1.02-1.13) 0.004* 1.10 (1.03e1.18) 0.003*
Sex
(Female vs. Male)
1.49 (0.85-2.60) 0.164
Hospital stay 0.99 (0.98-1.01) 0.348
CAD
(Yes vs. No)
0.30 (0.12-0.73) 0.008* 0.21 (0.07e0.68) 0.009*
Heart failure
(Yes vs. No)
N/A
Hypertension
(Yes vs. No)
0.44 (0.24-0.81) 0.008* 0.46 (0.21e0.99) 0.048*
Atrial ﬁbrillation
(Yes vs. No)
0.18 (0.02-1.39) 0.101
Renal disease
(Yes vs. No)
0.74 (0.25-2.22) 0.595
Cancer
(Yes vs. No)
0.55 (0.16-1.88) 0.337
Osteoporosis
(Yes vs. No)
55.99
(20.21-155.1)
<0.001* 60.16
(20.08e180.26)
<0.001*
CAD, coronary artery disease; OR, Odds Ratio; 95%CI, 95% Conﬁdence Interval; N/A,
Not Available.
* P<0.05 indicates a risk factor associated with fall history in Alzheimer disease
patients.
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with fall history in AD patients (all P0.008). All signiﬁcant vari-
ables in the univariate analysis were selected for entry into the
multivariate logistic regression model. After adjusting for other
risk factors, age was associated with fall history in AD patients
(adjusted OR¼1.10, 95% CI:1.03-1.18, P¼0.003); CAD was a pro-
tective factor for fall in AD patients (aOR¼0.21, 95% CI: 0.07-0.68,
P¼0.009); hypertension was a protective factor for fall in AD pa-
tients (aOR¼0.46, 95%CI:0.21-0.99, P¼0.048); and AD patients
with osteoporosis were more like to have a history of fall than
those without osteoporosis (aOR¼60.16, 95% CI:20.08-180.26,
P<0.001).
The results of logistic regression analysis for risk factors asso-
ciated with bone fracture history in AD patients are shown in
Table 4. In univariate logistic regression, age, CAD, heart failure,
hypertension and osteoporosis were signiﬁcantly associated with
bone fracture history in AD patients (all P0.046). After adjustment
for other risk factors in the multivariate logistic regression, age was
associatedwith bone fracture history in AD patients (aOR¼1.07, 95%
CI:1.01-1.14, P¼0.039); and AD patients with osteoporosis were
more likely to have a bone fracture history than those without
osteoporosis (aOR¼173.4, 95%CI:33.6-893.8, P<0.001). On the
contrary, AD patients with CAD had lower risk to have a boneTable 2
Comparison of falls and bone fracture between patients with and without Alzheimer dis
Patients with Alz
(n¼345)
Fall 60 (17.4%)
Bone fracture 69 (20.0%)
Fall with bone fracture
Hospitalization was not caused by a fall or bone fracture 270 (78.3%)
Fall but it did not cause bone fracture 6 (1.7%)
Bone fracture unrelated to fall 15 (4.3%)
Hospitalization caused by fall-related bone fracture 54 (15.7%)
Data were expressed as count (%) and tested by chi-square test or Fisher's exact test.
* P<0.05 indicates a risk factor associated with fall history in Alzheimer disease patientsfracture history than those without CAD (aOR¼0.22, 95%CI:0.05-
0.94, P¼0.041).4. Discussion
We showed that AD patients had a higher incidence of hospi-
talization due to falls and bone fracture than the controls. We also
identiﬁed age and osteoporosis as independent risk factors for bone
fracture in hospitalized AD patients. In contrast, CAD was an in-
dependent risk factor for reduced likelihood of hospitalized AD
patients having a history of bone fracture. We also found there was
no signiﬁcant difference in bone fracture location between the
groups. All the diagnoses were conducted according to the ICD-10
criteria, which increases the diagnostic speciﬁcity. Our results are
consistent with studies that have found that dementia patients
have a high risk for falls11.
We found that AD increases the risk of hospitalization due to
fall-related injury in older individuals but probably there are a
number of other factors. We also found that those patients with
osteoporosis were more likely to have a history of fall then patients
without osteoporosis. Hsiano et al. conducted a study to deﬁne the
characteristics of elderly patients hospitalized to treat injuries from
falls and found the rate of hospitalization increased with patientease.
heimer disease Patients without Alzheimer disease
(n¼1380)
P-value
60 (4.3%) <.0001*
44 (3.2%) <.0001*
<.0001*
1309 (94.9%)
27 (2.0%)
11 (0.8%)
33 (2.4%)
.
Table 4
Logistic regression for risk factors associatedwith bone fracture history in Alzheimer
disease patients.
Univariate Multivariate
OR (95%CI) P-value Adjusted OR
(95%CI)
P-value
Age 1.05 (1.01, 1.1) 0.026* 1.07 (1.0, 1.14) 0.039*
Sex
(Female vs. Male)
1.63 (0.94, 2.81) 0.081
Hospital stay 0.99 (0.98, 1.01) 0.455
CAD
(Yes vs. No)
0.27 (0.11, 0.66) 0.004* 0.22 (0.05, 0.94) 0.041*
Heart failure
(Yes vs. No)
0.08 (0.01, 0.62) 0.015* 0.15 (0.01, 1.67) 0.124
Hypertension
(Yes vs. No)
0.56 (0.32, 0.99) 0.046*
Atrial ﬁbrillation
(Yes vs. No)
0.36 (0.08, 1.58) 0.176
Renal disease
(Yes vs. No)
0.91 (0.33, 2.48) 0.850
Cancer
(Yes vs. No)
0.5 (0.15, 1.72) 0.274
Osteoporosis
(Yes vs. No)
148.4
(33.97, 648.24)
<0.001* 173.4 (33.6, 893.8) <0.001*
CAD, coronary artery disease; OR, Odds Ratio; 95%CI, 95% Conﬁdence Interval.
* P<0.05 indicates a risk factor associated with bone freacture history in Alzheimer
disease patients.
F. Li230age, womenwere more often hospitalized due to such injuries than
men, and more elderly patients were hospitalized for falls in the
winter than any other season12.
Investigating the cause of increased of falls in the elderly has
been the focus of a number of studies. de Almeida Abreu et al.
studied 221 older inpatients until hospital discharge, death, or fall
and found that during hospitalization the predictive factors for falls
were visual impairment, gait and balance impairment, low educa-
tional level, polypharmacy, urinary incontinence, use of laxatives,
and use of antipsychotic agents13. In a population-based study of
older individuals, Hayley et al. found that excessive daytime
sleepiness was associated with an increased risk of falls in
women14. Chiba et al. reported that type 2 diabetes was a risk factor
for falls in elderly patients and that an increased frequency of hy-
poglycemia was associated with an increased prevalence for falls15.
A number of studies have investigated why older adults with
dementia have a greater risk for falls than those without dementia.
Several factors have been implicated: postural instability, medica-
tion, neurocardiovascular instability, environment, and type of
dementia16. In a study of postural instability of 20 AD patients and
16 healthy controls it was found that the AD patients had a different
kinetic pattern than the controls17. Up to one-third of the risk of
falls by AD patients has been attributed to psychotropic medica-
tions16. With regard to neurocardiovascular instability, both
orthostatic hypotension and carotid sinus hypersensitivity have
been implicated16. In studies on the neurological basis of visual
attention deﬁcit, functional magnetic resonance imaging (fMRI) of
visual search18 showed an evident deﬁcit when AD patients
perform visual searching requiring a lot of attention resources,
which is characterized by reduced parietal activation, and anterior
cingulate and prefrontal dysfunction. There is some evidence that
patients with vascular dementia and Lewy body dementia have a
greater risk for falls than patients with AD16.
Studies have investigated the causes of bone fracture in AD
patients. A study showed AD patients have lower levels of 25-
hydroxyvitamin D (25D) and calcium compared with healthy con-
trols19,20. Vitamin D is an important factor for bone integrity, and
low serum 25D level is associated with muscle weakness, and
increased incidence of falls and bone fracture21. Low vitamin D andcalcium levels may cause compensatory hyperparathyroidism,
which may further reduce bone density22. Increased parathyroid
hormone is associated with impaired cognition and may increase
the tissue aluminum load, which may be one of the mechanisms
underlying the pathogenesis of AD23. In addition, high levels of
osteocalcin, pyridinoline cross-linked carboxy-terminal peptide of
type I collagen and parathyroid hormone may result in compen-
satory hyperparathyroidism and increase the bone load, leading to
an increased risk for bone fracture24. AD patients are less likely to
develop spontaneous bone fracture. As shown in this study, bone
fractures in AD patients were associated with falls, supporting the
conclusion that bone fracture is related to loss of independence in
AD patients25.
It is unclear whether AD has an effect on fracture location. A
comparison of the two groups in our study showed that fracture
location is not affected by AD. However, this analysis included only
69 AD patients and 44 controls, Falls can result in a number of
complications. In a literature review Pasquetti et al. found that
fractures of the femur, humerus, wrist, and pelvis, head trauma,
intracranial hematomas, and internal organ injury were the most
common complications in the elderly26. Hsiao et al reported that
64.6% of the elderly patients in their study who were treated for
falls had fractures12. Hatamabadi et al. assessed emergency
departmentmanagement practices at an Iranian hospital and found
deﬁciencies during clinical examinations and that physiotherapy
consultations were lacking27.
The study design was retrospective. We failed to identify the
exact time of disease diagnosis, and there might be differences in
the diagnosis of diseases among physicians, which may bias the
results. Also, this was a single center study, which limits the
generalization of our ﬁndings. More importantly, the absence of a
geriatric comprehensive assessment is another limitation. Thus,
prospective studies with details on geriatric comprehensive
assessment are required, the results of which may be more
valuable.
We conclude that AD may increase the incidence of hospitali-
zation due to falls and bone fracture, and that age and osteoporosis
might be associated with a history of bone fracture in hospitalized
AD patients Our ﬁndings also appear to indicate that AD has no
effect on bone fracture location. Physicians and family members
should emphasize the possibility of falls and bone fracture in pa-
tients with AD. Our ﬁndings suggest that preventing falls in AD
patients may reduce the number of hospitalized AD patients.References
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